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Various field surveys have been conducted to determine which physicochemical
parameters affect the distribution of freshwater sponges (Old, 1932; Jewell, 1933,
1939 Cheatum and Harris, 1933 Penney, 1954). OId (1932) concluded that
perhaps sponge distribution 1s influenced by the interaction of environmental factors
rather than a single factor, while Jewell (1939) emphasized the role of calcium.
Wurtz (1930) summarized the range of values for various parameters affecting
individual species distribution. The general biology of the freshwater sponges
has been reviewed by Hyman (1940) and Pennak (1933), although there have
been few ccological studies dealing with them.  No anmual survey of a system has
been attempted although seasonal fluctuations of important parameters may affect
species distribution.

More recent imvestigations have been devoted to rearing freshwater sponges from
gemmules 1 the lboratory (Rasmont, 1901) to elucidate the physiology of gem-
mulation and germination, and, more generally, the process of dormancy (Rozen-
feld, 1970, 1971 ; Rasmont, 1962, 1903, 1970 ; Rasmont and Schimidt, 1967).

This study was mitated to determine (1) the effects of physicochemical factors
on sponge genmmule germiation and carly sponge growth in the laboratory, and
(2 which of these factors imay be Iimiting during the vear to affect species distribu-
tion.

MATERIALS AND METIIODS

The species studied

The freshwater sponge Spongilla fragilis inhabits a narrow range in Rapid Run,
a mountain stream within R, B Winter State Park, Union County, Pennsylvania.
It is found unmediately behind Halfway Dam and i the pool below it attached to
smooth concrete surfaces, on submerged twigs, within moss mats, and on the under-
sides of rocks.  Ft occupies the facing of large rocks at the end of the spithway helow
the pool and it may be found bevond the spillway for 0.0 mite on the undersides of
rocks within the moderately flowing stream. It 1s not found in the remaining 9 mile
course, nor in the stream anywhere above the dam.

[Exposed sponges tend to be grayv in color; although green sponges (indicating
the presence of symbiotic algae) have been reported, none were found during 1972,
A white color is characteristic of sponuges found under stones.

Germination cxperiments

Gemmutes of S. fragilis were collected below the spillway m Aprit, 1972 (one
month before germination) by scraping brown mats of them from the undersides of

267



268 T. A, STREKAL AND W. . McDIFFETT

rocks.  These were transferred to a gallon jar filled with distilled water and re-
frigerated at 2° C untl ntilized.  Tdentification was made from permanent slides
of sponge and gemmule spicules prepared by nitric acid digestion ( Pennak, 1933).

Prior to investigation the genumnles were sterilized in a dilute hvdrogen peroxide
wash and rinsed in distilled water (Rasmont, 1961).  Intact gemmules in groups
of one, two, and three were selected to facilitate germination and size determinations.
These were transferred with surgical forceps to 00 X 13 mm plastic petri dishes
containing the various test solutions.  Inspection was made to ascertain that 1o
physical damage occurred during transfer,

A threshold temperature for germination was determined by conducting experi-
ments in the dark using three temperatures: 6 %= 1.0° C, 8 = 0.5° C, and 10 =

57 Co Unless indicated otherwise, germination experiments were conducted at a
constant 10 = 0.5° C. representing an approximate sunumer mean for Rapid Run.
A apphance timer regulated a G0-watt incandescent bulb for a 12-hour-light : 12-
hour-dark cvele: dishes were covered with foil for the dark condition.

Measurements were made after 17 dayvs of incubation.  Germination was deter-
mined by noting the presence of cellnlar material at the micropyvle.  Size of the
germinated sponge was measured with a \Whipple Dise.  General morphology was
noted in all cases, since the mere presence of cellular material gives no indication of
differentiation.

An artificial medimm stimilar i major 1on concentration to Rapid Run water
was devised to insure consistent conditions 1 all experiments.  Anions and cations
were chosen according to Rasmont (1961,  Cation concentrations were: magne-
stum (MgSO,-711.0) and calcium (CaCOy3) — 2 mg 1: sodium ( Na.S10;-9H.0)
and potassinm (KCL) — 0.5 mg 1. Suitability of Rapid Run water, Rapid Run
Medinm (RR Med), and double-distilled water (> 2) as growth media was tested
under light-dark and dark conditions in 18 ml of solution.  Dilutions were made of
RR Med to establish minimun concentration requirements for normal growth, com-
pared to RR Med. The importance of the individnal compounds of RIU Med was
tested by omitting each from the medium, and also by adding cach m normal con-
centration to distilled water ; these were grown under 12: 12 light-dark, conditions.
The importance of magnesium, sulfate. caleium, and carbonate was tested by omitting
ach in turn from RR Med (replacing cations with N7, and anions with C1—). Cat-
1ons combined with Cl— and anions with K7 were also added to distilled water and
tested.

Experimental design was as follows: for determining the effect of light and
erowth media on germination, 3 dishes with 50 gemmules each were used; 4 dishes
with 50 genmules cach were used in all remaining experiments.

Statistical methods

Data for per cent germination and size were analvzed using a standard one-way
ANOVA table and compared for Teast Significance Ditference at the 3% and 1%
levels.
Field study

A study of a number of environmental parameters (Jewell, 1933) was conducted
front March, 1972, to March, 1973, to determine which of them may influence (or
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limit) distribution, and to see what effect the dam and lake may have on water
quality and hence distribution of sponges.

Sample sites were chosen according to spouge distribution: #1-Rapid Run in-
current to Halfway Dam; #2-immediately downstream irom the spillway: #3-ap-
proximately 3.7 miles downstream {rom the spillwayv.

Temperature and pH were measured on location using a standard mercury
thermometer and portable pH meter, respectivelv.  Water samples were taken in
one liter polyvethyvlene bottles.  All other parameters except silica were tested within
one hour in the laboratory. Dissolved oxvgen was not deterniined since turbulence
would probably prevent it from being limiting.

Alkalinity was tested by a potentiometric method for low alkalinity ( American
Public Tlealth Association, 1971).  Calcium was measured titrimetrically (EDTA
Method, American Public Fealth Association, 1971).  Filtered and unfiltered
samples gave identical values for silica, measured colorimetrically (Reactive Silicate,
Golterman, 1969). Tonic concentration was determined with a Hach conductivity
meter.  Apparent color was measured with a Hach portable colorimeter using a
#3543 filter.

Sampling was postponed at least two davs following rain to circumvent dilution
effects.

REsvLTs

Gemmules used in the experintents had a mean diameter of 330 p = 61 p. No
correlation was noted between size and the abilitv of the gemmule to germinate and
grow under various light conditions in similar media.

The results of experiments comparing growth media and light versus light-dark
conditions are summarized in IFigure 1. Sizes were not compared in experiments
conducted under dark conditions because fusion of individual sponges had decreased
the sample muuber.

RR Med appeared to be comparable to stream water with regard to germination
and growth, regardless of light condition.  The two media also produced morpho-
logically similar organisms complete with oscula, canals, and spicule skeletons.
Double-distilled water (% 2) produced significantly fewer (190 level) sponges in
L.: D which were cousiderably smaller and appeared nndifferentiated.  Germination
in distilled water in total dark was significantly less (19 level) than 1.2 D.

The experiment with distilled water and total dark was repeated to verify the
initial results. There was uo germination after 18 davs.  The foil was removed
from containers and incubation was continued under light-dark conditions.  After
13 additional davs. germination was 165 .

All experiments testing the effect of temperature (see Figure 2) were con-
ducted in total dark, except when exposed to light for a few minutes for counting
purposes.  Some temperature fluctuation may have occurred then also, but pre-
sumably not enough to affect results. A threshold appears to exist between 67 and
8° C: no germination was observed at the lower temperature following incubation
for 30 davs. An increase in temperature up to 20° C resulted in decreased germina-
tion time.  Since results from 16° C and 20° C were similar, it was concluded that
16° C is a suitable temperature for conducting germination experiments.

Diluting RR Med to 1/100 (RR Med/100) appeared to have no effect on the
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I'tavre 1. Response of gemmules of Spongilla fragilis to various media and light con-
ditions.  Solid bars represent per cent germination, and shaded bars represent size.  Vertical
lines indicate standard deviation (* * = signficance at the 177 level; * =300 level: n.s. = not
siguificant ).

rate of germination (see Figure 3).  Germination decreased significantly (147
level) at R Med 300, a value closely approximating germination in distilled water.
Although RR Med 1000 supported greater germination than RR Med 300, the
difference in response between the two econditions was not significant.

The effective tolerance of the organisim to low concentrations of inorganic ma-
terial is better illustrated by growth response.  Sponges grown in RR Med 10 were
similar to RR Med sponges in size and general morphology, complete with spicules
(except that the number of spicules in RR Med 10 was smaller).  In RR Med 100
and more dilute media, growth was signihcantly (1% level) retarded: the sponges
were amorphous although some pores were present i RR Med /100 spicules were
absent 1 all cases.

Clusters of spicules which remain after nitric acid digestion would seem to indi-
cate the establishment of a skeletal network.  These were noted in dilutions between
RR Med and RR Med 10; however, spicule distribution was somewhat random i
the dilution.

It may be concluded from this phase of the study that “normal™ sponge growth
in the laboratory is supported by concentrations of 0.2 mg 1 Ca and Mg, 0.05 mg /1
K and Na, and 0.06 mg 1 S10..

Exclusion of the individual compounds from RR Med did not affect rate of
germination.  Tlowever, growth and morphology were greatly affected (see Fig-
ures 4 and 3).
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Ficere 2. Germination response of S. fragilis gemmules to temperature.

RR Med lacking KCI and NaaS10; resnlted in sponges of similar size : spicules
were absent in the solntion lacking SiO., but other featnres appeared typical.  These
eroups differed significantly (1% level) in size irom those lacking CaCOy and
MgSO,.

Sponges in RR Med w o CaCOy showed a tendency to be smaller than those
in RR Med w/o MeSO,.  Morphologically these sponges were undifferentiated
eranular masses with no spicules ; the major difference was that the cells in RR Med
w/o CaCO, remained clustered aronnd the gemmules, while those in RR Med
w0 MgSO, emigrated.

Omitting COy -, Ca™F, SO, 7, Mg~ in turn from RR Med produced dubious
results with regard to germination.  However, differences in growth were spectac-
ular (see Figure 6). RR Med lacking either Ca or Mg produced significantly (59
level) smaller sponges than RR Med lacking SOy or COz. Although all conditions
supported spicule production, only random spicules were found with Ca or Mg lack-
ing. Negligible differentiation (although some sponges in RR Med w/o Mg had
oscula ) resnlted althongh a regular skeleton was formed with both cations present.
Presence of COy and SOy (or perhaps an increased concentration of Cl) supported
spicitles in conjunction with either cation.
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Ficrre 3. Repsonse of S fragilis gemmules to dilution of basic Rapid Run Medium
(RR Med) ; conventions as in Figure 1.

Adding the individual compounds to distilled water provided inconclusive re-
sults with respect to germination.  Although CaCOy + distilled water contained sig-
nificantly (19 level) larger sponges than the other componnds, they were undif-
ferentiated and doubtfully functional.

Individual cations (as chlorides) and divalent anions (with K+) were tested
in distilled water.  Only KCI resulted in a lower frequency of germination.  Again
Ca promoted the greatest growth of undifferentiated sponge.
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IFreure 4. Response of S, fragilis gemmules to RR Med lacking each of
its various components; conventions as in Figure 1.

DiscussioN

Rasmont and Schmidt (1967) suggested that distilled water should provide a
suitable medium for germination since they noted very little difference in respira-
tion rates between gemmules of I plivdatia fluviatidis in it and artificial medium. Tt
was hinted also that an increase in respiration relates to an increase in germina-
tion. Respiration was found to increase in light and decrease in dark for gemmules
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IF1cure 5. () Sponge germinated in RR Med lacking KCl; note spicules, osculum, and
fine texture of cellular material ; (B) sponge in RR Med lacking Na.S10.; sunilar in morphol-
ogy to A\, but with conspicuous absence of spicules; (C) germinated gemmule in RR Med
lacking CaCQ).; cells have barely emigrated beyond shell of gemmule: (D) cells from gemmule
in RR Med lacking MgSO, have emigrated completely to form an amorphous, granular mass.

incubated in artificial medium. 1o addition, it was found that total light and total
dark appear to be mhibitory to gemmule formation ( Rasmont, 1970).  The rela-
tionship of respiration to germination, however, may not be direct.  Although green
gemmules of S, lucustris respire the same in light and in dark, germination is some-
what sfower i dark (Bronsted and Loverup, 1953).

Clearly, S. fragilis gemmules are not affected by light when grown in stream
water or RR Med since germination and growth rates were similar in both light-
dark and dark conditions.  Penney (1934) stated that light does not affect the
cerowth of freshwater sponges, hut may prove limiting to svinbiotic algac.  Sponges
i moving water tend to be located under submerged objects (Cheatum and
Harris, 1933), and hence would receive very hittle radiation.

The effect of osmotic pressure on germination is uncertain.  Rozenfeld's (1971)
work on 2. fluviatilis suggests that enzvmatic action opens the micropyle and per-
mits germination.  Until that time the archacocvtes within the gemmule appear to
he protected from osmotic rupture by the hvdrostatic pressure of the shell. Gem-
mules artificially ruptured release a small percentage of archacocytes, which may
or may not differentiate depending upon the medinm. It 1s assumed that rupture
of the micropyle would also produce a small percentage of emigrant cells.  1f gem-
mules are impermeable, it 1s difficult to imagine why germination percentages from
distilled water do not equal those from RR Med or RR water. since conditions of
light, temperature, and duration of experiments were similar.
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Ficure 6. Response of S. fragilis gemmules to RR Med lacking
individual ions; conventions as in Figure 1.

IFreshwater sponges are believed to germinate between 13° and 157 C ( Pennak,
1933). 5. jragilis germinated in the laboratory at 6-8° C, and in the stream be-
tween 7.3° and 10.57 C: increasing temperature with the season would enhance the
process.

Gemmulation, the formation of resistant gemmules which overwinter, hegan after
a > month growing season at temperatures below 16° C; within 2 weeks thereafter
the temperature had dropped back to 7-8° C. Rasmont (1963) summarized in par
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that the process depends upon genetic capacity, nutrition, and relative development
in I2. fluviatilis. Tt was impossible in this study to test the effect of temperature on
gemmulation since the sponges were not fed.

Calcium and magnesium are important controlling factors for normal cell activity
because they affect cell permeabihity (Ruttner, 1969).  Although Humphreys
(1963 ) found calcium to be totally satisfactory in facilitating normal aggregation
of marine sponge cells, it is believed (Robertson, 1041) that both divalent cations
are necessary for stabilization of intercellular matrices: distilled water has a dis-
imtegrative effect on cell aggregations. Van de Vyver (1971) noted, however, that
the term intercellular matrix may not be applicable to an organism lacking specific
tissues, and whose cells are migrating.  Amoeboid movement occurs if either
cation is present, but coalescence requires both.  Galtsoff (1923) suggested that
each divalent ion has characteristic functions which cannot be satisfied by the other.

Jewell (1939) concluded that calcium, and not magnesium, limits sponge dis-
tribution. I'reshwater sponges in Wisconsin were found in water containing as low
as 0.3 mg /1 Ca and 0.0 mg 1 Mg however, S. fragilis was limited to 2.08 and
1.0 mg L respectively.  Macan (1901) also included calcium (among others) as a
limiting factor for freshwater organisms.  I<xeess calcium also proves to he limiting
(Robertson, 1941).

Jewell (1935) has noted that silica may be limiting in strongly skeletoned forms
such as S, fragilis.  Spicule production 1s poor below 1.0 mg 1 SiO., but good
growth can be obtained with only a trace (Pemnak, 1933). 5. fragilis has been
found in water containing as little as 0.3 mg 1 SiO. (Wuartz, 1930).

While spicules are the first structures to be differentiated after hatching (Ras-
mont, 1970), spicule formation is not necessarily a sunitable criterion for judging
development.  Sponge morphology may be influenced by environmental factors
other then Si0y: for example, high organic content may produce rapid growth with-
out spicule formation, and no spicule pattern may bhe considered normal since natural
conditions may induce variation ( Jewell, 1935 Racelk, 1909).  NMuch differentiation
and growth was achieved in RR Med w o Na-5i0O;, but no spicules were formed.

Although calcium shows a tendency to support greater growth and differentia-
tion than magnesium, both elements appear necessary for normal growth. RR
AMed 10 contains 0.2 mg, 1 Ca and 0.2 mg/1 Mg (or 0.4 mg/1 total ions) and results
in a “normal” sponge: RR Med lacking either Ca or Mg (but still containing 2.0
mg 1total ions) produces a small granular mass.

Low concentrations of nutrients in a natural system may not be as limiting as
expected since there would be constant replenishment due to current flow. In the
preceding experiments a relatively short incubation period obviated replenishment.

The study was limited in time and scope.  Since the sponges would have little
or no opportunity to feed, extensive development was curtailed.  Incubation was
long enough to permit some growth, but short enough to prevent the cells from
using up their energy reserves and disintegrating (Rasmont, 1961).  Normal
morphology suggests only that the organisms are functional.

The sudden appearance and disappearance of a species nught suggest that one
or a number of environmental factors are involved in limiting distribution.  None of
the important chemical parameters—calcimm, alkalinity, silica, and pll (Pennak,
1933)—were limiting since there were no apparent differences among the three
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sample sites on any given date. The lake appeared to have negligible influence on
water chemistry.

Since chemical factors remain consistent through the course of Rapid Run, it
appears that physical factors limit distribution. Under constant laboratory condi-
tions sponges tolerate lower concentrations of inorganic material than have been
recorded i field surveys. RR Med is relatively dilute, and RR water is much
cleaner than many svstems found to contain this species. This in itself suggests
the importance of physical factors, especially in a stream. The sponges found in the
guiet water around the dam are protected from current, desiccation, and suspended
material which are greater in the stream above and below the dam: these sponges
probably seed the stream with gemmules which may proliferate under the favorable
influences found below the dam for a short distance, but only on stable substrates.
No sponges were found above the lake as such a small, swift stream would not
prove inviting to aquatic birds, the probable transport agent.

STUMMARY

Gemmules of the freshwater sponge Spongilla fragilis were germinated and
grown under a number of couditions i the laboratory using an artificial medium
similar to stream water: germination was similiar under conditions of light-dark
and total dark: germination was prompted by temperatures between 6-8° C: de-
velopment of the voung sponge was supported by ion concentrations as low as
0.2 mg/l for Mg and Ca, 0.05 mg | for K and Na, and 0.06 mg/l for SiO.:
sponge development was inbhibted by the absence of Ca and Mg, but not Na,
K, or Si0.,, although no spicules were formed without S10..

An annual survey was conducted to determine whicl physico-chiemical param-
eters might himit the distribution of the species.  As little difference with respect
to chemical characteristics was noted among sampling stations and since sponges
appear to tolerate low ion concentrations, it is snggested that distribution of sponges
in the stream was affected by the interrelationship between current flow, suspended
material, and substratum.
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